Objective: To determine the effects of an inpatient portal intervention on patient activation, patient satisfaction, patient engagement with health information, and 30-day hospital readmissions. Methods and Materials: From March 2014 to May 2017, we enrolled 426 English-or Spanish-speaking patients from 2 cardiac medical-surgical units at an urban academic medical center. Patients were randomized to 1 of 3 groups: 1) usual care, 2) tablet with general Internet access (tablet-only), and 3) tablet with an inpatient portal. The primary study outcome was patient activation (Patient Activation Measure-13). Secondary outcomes included all-cause readmission within 30 days, patient satisfaction, and patient engagement with health information. Results: There was no evidence of a difference in patient activation among patients assigned to the inpatient portal intervention compared to usual care or the tablet-only group. Patients in the inpatient portal group had lower 30-day hospital readmissions (5.5% vs. 12.9% tablet-only and 13.5% usual care; P ¼ 0.044). There was evidence of a difference in patient engagement with health information between the inpatient portal and tabletonly group, including looking up health information online (89.6% vs. 51.8%; P < 0.001). Healthcare providers reported that patients found the portal useful and that the portal did not negatively impact healthcare delivery. Conclusions: Access to an inpatient portal did not significantly improve patient activation, but it was associated with looking up health information online and with a lower 30-day hospital readmission rate. These results illustrate benefit of providing hospitalized patients with real-time access to their electronic health record data while in the hospital. Trial Registration: ClinicalTrials.gov Identifier: NCT01970852.
INTRODUCTION
Patient activation refers to the knowledge, skills, and confidence of individuals to manage their health and healthcare. 1, 2 Higher patient activation is associated with higher health literacy, 2 better health outcomes, 3 healthier behaviors, [4] [5] [6] [7] [8] lower healthcare costs (https://link.
springer.com/article/10.1007/s11606-018-4657-6), 4, 9, 10 fewer hospitalizations, [11] [12] [13] [14] [15] and reduced emergency room utilization. 15 In an effort to improve outcomes, 16, 17 healthcare organizations are motivated to implement interventions that increase patient activation. 3, 18, 19 In 2015, there were over 35 million hospital discharges in the United States. 20 Increasingly, hospitalizations are more complex and shorter in duration, and patients are frequently discharged with complex medical needs. 21 Innovative information tools are critical for the delivery of safe, high-quality care. 22 Hospitals are actively looking for health information technology tools to facilitate patient engagement and clear communication with patients and families. 23, 24 One potential mechanism to increase patient activation, satisfaction, and engagement with health information is the adoption of inpatient portals, or patient portals available in the hospital setting. 22, [25] [26] [27] From 2013 to 2015, the proportion of healthcare organizations offering online outpatient patient portals increased from 43% to 92%. 28, 29 Under the Meaningful Use electronic health record (EHR) adoption incentive program in the United States, hospitals must provide patients with the ability to electronically view, download, and transmit their own health information. 30 Use of online patient portals is often limited to the ambulatory or home setting, although a study of hospital patients found that most (90%) desired access during hospitalization. 31 As such, some organizations have adopted inpatient portals [25] [26] [27] because they offer a unique opportunity to increase transparency and engage vulnerable patients with their health information in real time. Bedside access to personal health information may increase patient activation, safety, and satisfaction with hospitals and healthcare providers. [32] [33] [34] [35] [36] [37] However, few randomized clinical trials of inpatient portals and their effectiveness on care delivery or patient activation exist. 38 The aims of this study were to: 1) evaluate the effectiveness of an inpatient portal on patient activation, 2) investigate the portal's impacts on patient engagement with health information, and 3) examine the intervention's effect on 30-day hospital readmission rate.
MATERIALS AND METHODS

Study design
We conducted a 3-arm randomized clinical trial in two cardiac medical-surgical units at an academic medical center in New York City between March 2014 and May 2017. The full protocol for this trial has been previously published. 39 Participants were randomized to 1 of 3 arms: 1) usual care, 2) tablet with general Internet access (tablet-only), and 3) tablet with access to the inpatient portal (hereafter termed portal group) Figure 2 . All participants received evidencebased medical treatment. Participants completed baseline and followup assessments to assess changes in patient activation (primary outcome), engagement with health information, and all-cause 30-day hospital readmissions. After the trial's completion, we administered a separate survey with healthcare providers to assess the portal's usefulness and impact on care delivery. The institutional review board at Columbia University Medical Center approved the study.
Intervention
The portal was developed locally and contained the patient's clinical information updated directly from the hospital's EHR (Allscripts Sunrise, Allscripts Corp., Chicago, IL) every 15 minutes. 39 The portal's features included: 1) names and photos of care team members, 2) medications being administered, 3) short videos explaining the purpose of each medication as well as potential side effects, 4) links to comprehensive medication information from MedlinePlus, 5) documented allergies, 6) diagnostic test orders and results, 7) current documented diet, 8) vital signs and weight, 9) functionality to report pain level, 10) functionality to communicate comments and questions to care team members, and 11) functionality to acknowledge care team members with a star rating. 39 User actions were recorded in an electronic system usage log. All features were available in English and Spanish. Each patient received a unique username and password. Between subjects, tablets (Apple iPads, Apple Inc., Cupertino, CA) were digitally cleared and physically sanitized in accordance with hospital infection prevention practices.
Study participant recruitment and data collection
Bilingual research coordinators visited the 2 units daily. All newly admitted patients were screened for eligibility and approached if not already enrolled. Patients in contact isolation rooms or patients who had been admitted for over 2 weeks from this index hospitalization were not eligible for enrollment. All English-or Spanish-speaking adult patients aged 18 years or older were eligible for the study. Research coordinators obtained informed consent and administered a MiniMental Status Examination 40 and excluded patients if they scored 8 or less. After enrollment in the study, research coordinators administered a baseline survey to all 3 study arms using Qualtrics Survey Software (Qualtrics, Provo, UT). Participants in the tablet-only and portal groups underwent a brief training session with the tablets. Training included basic gestures (tapping, scrolling, zooming). Patients in the portal group received an instructional handout and training on how to access and use the portal. The coordinators visited participants daily to address any issues related to portal access. At the time of the follow-up interview, the tablets were returned to the research coordinator.
Patients received a $10 gift card at baseline and at the follow-up assessment, which occurred 1 to 2 days prior to discharge. The research staff collected clinical data from the institution's clinical data warehouse, including 30-day hospital readmission status and comorbidities. Provider participants included the healthcare providers who worked on the cardiac medical-surgical units where the trial was conducted. In June 2017, the research coordinators administered a paper-based survey to healthcare providers on the units where the study was conducted.
Randomization
To minimize the potential for a crossover effect, randomization was based on hospital room number. Computer-generated random numbers were used to randomize rooms to 3 arms on a 1: 1: 1 basis, stratified by study unit by the statistician. Due to the nature of the intervention, participants were not blinded to assignment. 39 
Measures
The patient baseline survey included demographic characteristics, health literacy, 41 43 In the portal group, we measured usage by assessing the median logins over the duration of median number of inpatient days. At the completion of the study, patient participants also completed a survey that asked questions about patient activation, engagement with health information, patient satisfaction, and perceived usefulness and usability of portal features. The primary study outcome was patient activation, measured with the 13-item Patient Activation Measure (PAM-13). 44 Raw scores range from 1 to 100, with higher scores indicating higher activation. PAM scores are also divided into 4 levels: 1) disengaged and overwhelmed, 2) becoming aware, but still struggling, 3) taking action, or 4) maintaining behaviors and pushing further. 44 The PAM-13 has been previously validated for use in the inpatient setting. 45, 46 Consistent with previous literature, we used a change score of 3 points on the PAM scale to represent a clinically significant difference in patient activation. 47, 48 The secondary outcomes included all-cause hospital readmissions to our academic medical center within 30 days, length of hospital stay, engagement with personal health information, measured using questions derived from the Telemedicine Satisfaction and Usefulness Questionnaire, 49 and patient satisfaction. To minimize the limitation that we evaluated only readmission to our academic medical center, we compared the mean distance to the hospital among the 3 groups and by individual, based on participant ZIP Code. Hospital readmission data were verified by 2 programmers using discrete programs for calculating 30-day readmissions using the master patient index, which combines multiple medical record numbers into a single patient identifier.
Healthcare providers were administered a separate 23-item paper-based or online survey including questions focused on provider perceptions of patient portal usage, perceived usefulness of portal features, and impact on care delivery.
Statistical methods
The sample size was determined based on the hypothesis that patient satisfaction and patient activation during hospitalization would differ among the 3 arms. We assumed the difference in patient activation between Arm 1 (usual care) and Arm 2 (tablet-only) would be one-half of the difference between Arm 1 and Arm 3 (portal), based on a study measuring differences in patient satisfaction among patients using a tailored Internet-based tool for diabetes management compared with patients accessing general Internet resources 50 Using a pairwise effect size of 0.385, a sample size of 426 total patients was required to achieve power of 80% at alpha level of 0.05 after Bonferroni correction, as reported in our protocol manuscript. 39 Baseline demographic, clinical, and diagnostic variables and outcomes were compared using Kruskal-Wallis tests for continuous and ordinal variables, and Chi-squared or Fisher's exact tests were used for categorical variables. Kaplan Meier estimates for time-to-event outcome (30-day all-cause hospital readmission) were calculated and compared using a log-rank test. In addition, baseline covariate adjusted comparison of outcome variables were conducted, and the P-values were calculated using a Type 3 test in linear, logistic, or Cox models for continuous/ordinal, categorical, and time-to-event outcomes, respectively. Analyses were conducted using intention-to-treat principles with statistical software (SAS, version 9.4; SAS Institute, Cary NC). The descriptive analysis of portal usage log data and commentary was conducted in R version 3.3.3.
RESULTS
The final sample for the primary outcome analysis included 426 participants, as shown in the Consolidated Standards of Reporting Trials (CONSORT) guidelines diagram ( Figure 1) . 51 There was minimal attrition overall. The mean age of participants was 59.2 (616) years, 39% were female, 14% were African American, 25% were Latino, and 12% spoke Spanish as a preferred language (Table 1) . Overall, the majority of participants had access to the Internet (85%), had an email address (81%), and could look up health information online (77%). In addition, most participants reported owning one or more desktop, laptop, or tablet computers (87%). Of these, 11% of participants brought a laptop and 30% brought a tablet to the hospital. Though there were significant differences in select demographic variables at baseline, after adjustment for age and "access to a computer or tablet at home," these differences were balanced across the 3 arms, including technology experience. As such, all primary and secondary outcomes included adjustment for age and access to a computer or tablet at home. There were no differences in clinical severity based on the Charlson Comorbidity Index, APR-DRG Severity of Illness, APR-DRG Risk of Mortality, comorbid conditions, or geographic distance between patients' home addresses and the hospital.
Primary outcome
There were no significant differences in patient activation scores among the 3 groups in unadjusted (P ¼ 0.392) or adjusted (P ¼ 0.418) analyses ( Table 2 ). Almost half of participants (45.6%) had a minimum change in PAM-13 score by 3.8 6 14.4 points over the course of the hospitalization, which is considered a clinically significant improvement in patient activation. 48 Participants in the portal group who used the portal more frequently (2 or more total logins) also did not have higher activation (P ¼ 0.110).
Secondary outcomes
The overall Kaplan Meier estimate of all-cause 30-day readmission rate to our hospital within 30 days of being discharged from the index visit was 10.6% (45 of 426) ( Table 2 ). There were significant differences in the readmission rate among 3 groups [5.5% (portal), 12.9% (tablet-only), and 13.5% (usual care), P ¼ 0.044]. Pairwise comparison showed that there was a significant difference in allcause 30-day readmissions between the portal group and the usual care group (Bonferroni corrected P ¼ 0.044). The difference between portal and tablet-only was not significant (Bonferroni corrected P ¼ 0.110), and neither was the difference between tablet-only and usual care (Bonferroni corrected P ¼ 1). Across all 3 groups, patients in the portal group were more likely to report that the care team uses information that patients provide to them [4.6 6 0.6 (portal) vs. 4.2 6 0.9 (tablet-only) and 4.4 6 0.7 (usual care); P < 0.001]. Between the 2 groups that had access to the tablets, there were significant differences in patient engagement with health information using a tablet. As compared to the tablet-only group, portal users reported being more likely to use the tablet to look up health information online [89.6% (portal) vs. 51.8% (tablet-only); P < 0.001], use the tablet for entertainment [93.8% (portal) vs. 68.1% (tablet-only); P < 0.001], and perceived that use of the tablet helped the care team understand patient problems [3.2 6 1.0 (portal) vs. 2.6 6 1.1 (tablet-only); P ¼ 0.003].
Overall, patients were highly satisfied with their healthcare and healthcare providers, and there were no differences among the 3 groups ( Table 2) . Patients reported being involved in their care, following the team's advice, and being encouraged to participate in care. Both the tablet-only and inpatient portal group reported high ease of use, learnability, and trust with the tablets.
Portal usage, features, and comments
In the portal group, participants had access to the portal for a median of 3.17 (63.67) days, with a median of 4.0 (66.24) total portal logins. According to usage log data, 121 participants (83%) used the inpatient portal once or more, and 101 (69%) logged in once or more per day. On average, participants spent 1.8 total hours actively browsing the portal, and 0.8 hours actively browsing the portal per day. The majority of participants (n ¼ 111, 76%) used the portal frequently (2 or more total logins). Participants who used the portal more frequently reported higher satisfaction with care (4.6 vs. 4.4, P ¼ 0.047), and a higher percentage used the tablet to look up health information online (93% vs. 75%, P ¼ 0.010) than low-frequency users.
Participants primarily used the portal between 3 pm and 6 pm. Twenty-five participants (17%) did not use the portal at all. Reported reasons for non-use included feeling too sick or tired (15 participants), not having enough time (8 participants), not being "tech-savvy," (4 participants), and preferring smartphones to tablets (3 participants).
Participants spent the most time viewing their laboratory test results (43%), their health status (16%), and their medications (10%). Typically, participants would check their lab results frequently but briefly (1.8 minutes per view), and their medication list less frequently but for a longer duration (2.7 minutes per view). Many patients (82%) viewed educational content within the portal, including MedlinePlus information and locally developed Patients appreciated that the portal provided immediate access to their information, and reported that the portal "offers a great opportunity for patient inclusion" in care. Patients enjoyed "tracking" and "monitoring" their information. Patients found viewing their care team helpful to "remember names and faces," and enjoyed thanking their providers using the "shining star" feature. Patients felt access to Internet and games "alleviated boredom" and "provided relief from television." Several patients commented that their medical record was "out of date" or behind on information they received from hospital staff, possibly due to delays entering information in the medical record. Others commented on the need for portal training or tutorials, or wanted access through their smartphones.
Five patients entered comments pertaining to potential medical errors, including a diabetic patient who was accidentally switched to a non-diabetic diet, 3 patients with missing or incorrect home Percentages exclude missing data. Abbreviations: PAM, Patient Activation Measure; n, number; KM, Kaplan Meier. Hospital readmission reported as n (KM%). Categorical variables reported as n (%), and P-values calculated using Chi-squared test. Continuous/ordinal outcomes reported as mean6SD, and P-values calculated using Kruskal-Wallis test. Time to event outcome reported as n (KM estimate of event probability, KM%), and P-value calculated using log-rank test. Adjusted P-values calculated using Type 3 test in linear, logistic, or Cox models for continuous/ordinal, categorical, and time-to-event outcomes, respectively. medications, and a patient who received an unclean IV due to no sanitation at the IV site. Many patients entered comments thanking their care team for "attentiveness" and "helpfulness," and complimenting the quality of care. Patients also entered complaints, including concerns about improper patient-provider communication, noise, and delays in care. Several patients entered questions about their care or requests for their providers, as well as personal notes to themselves.
Healthcare provider survey
Of the 66 healthcare providers approached, 63 [12 attending physicians (19%), 17 physician assistants (27%), and 34 nurses (54%)] completed the healthcare provider survey. The 3 providers who did not complete the survey declined due to being unaware of the trial. Overall, 48% of healthcare providers thought that most (> 75%) patients were using a tablet, smartphone, or laptop during their hospital stay. Most healthcare providers thought that patients were primarily using the tablets to answer emails (n ¼ 34, 54%) and for entertainment (n ¼ 49, 78%). More than half of the healthcare providers were not sure if patients were using technologies to look up health information (n ¼ 33, 52%). Overall, healthcare providers reported the portal had a positive impact on care delivery and supported patients' use of the portal. Providers thought the portal was easy to use, trustworthy, and a convenient way to deliver health information to patients. They found the features useful (94% useful or very useful), especially the laboratory test results (100% useful or very useful). There were no concerns about patients' privacy or negative communication between patients and members of the healthcare team.
DISCUSSION
Access to an inpatient portal did not significantly improve patient activation, but it did improve patients' access to their health information and was associated with fewer 30-day hospital readmissions. These findings demonstrate the benefit of providing hospitalized patients with timely access to their EHR through a portal. Overall, the mean patient activation score increased from baseline to follow-up across all groups. The increase in activation over the course of a hospitalization may underscore the likelihood that patient activation is not an inherent, static trait; rather, it may be influenced by various factors and change over time. Potential influencers may be proximity to admission/discharge, ie, patient activation may be higher for patients as they get closer to leaving the hospital. In our study, patients in all 3 arms were visited by a research coordinator who administered the PAM-13 at baseline and follow-up, and this could have introduced an observer effect bias. In this sample, the patient activation scores were also high at baseline (86% of patients reported being highly activated) compared to other patient populations. In contrast to other studies that have described patient activation among hospitalized patients, Schmaderer and colleagues reported on an inpatient population in which 65% were highly activated 46 ; Prey and colleagues reported that 60% were highly activated 45 ; and O'Leary and colleagues reported 64.1%
were highly activated. 38 Due to the high level of activation that patients reported at baseline, there may have been a ceiling effect of the patient activation measure in our study population. Higher selfreported activation is consistent with other studies of patient activation conducted in racially and ethnically diverse populations. 52 Hibbard and colleagues 16 report that social environments and socioeconomic status are both precursors to activation. The higher levels of patient activation we identified in this study could be linked with social-environmental factors, individual disease conditions, the inpatient hospitalization, or personal health practices. Other common factors with a lack of witnessed effect in an effectiveness trial include lack of provider acceptance or lack of patient adherence. 53 In our study, both patients and providers reported strong acceptance; however, the frequency of portal usage could have impacted the effect on patient activation. Future studies should explore the potential for a "dose-response" effect of patient portal usage on patient activation. Overall, the magnitude of the intervention's effect on 30-day allcause readmissions was small, but the difference across groups was nevertheless surprising. Unmeasured confounding factors may have impacted 30-day hospital readmissions, such as patients' selfreported disease experience, caregiver support, family access to the portal, and existing relationships with healthcare providers. A study conducted at Mayo Clinic in Florida reported no differences in 30-day hospital readmissions between a group provided with an inpatient portal and a propensity score matched cohort (P ¼ 0.13). 54 Further research should explore the potential impact of inpatient portals on readmission, as well as the influence of potential effect modifiers such as relationship with healthcare providers or socioeconomic status.
In this study, we found that patients who had access to the portal were more likely to use the tablet to access health information and less likely to use the tablet for entertainment and email compared to the tablet-only group. When considering the wide availability of health information on the Internet, one possible explanation for this finding is that when patients received a tablet with access to their own health information, they were more likely to perceive that the tablet was intended for accessing health information, rather than entertainment. This underscores the importance of clear communication about the purpose of using a device in the hospital. Simply handing tablets to patients seems unlikely to engage them in their healthcare. In addition, it was at the discretion of the patient how much he or she wanted to allow family members to view patient information from the portal. The use of the portal by other family members or caregivers was not directly measured.
Our study demonstrated that implementation of an inpatient portal is possible in an urban, academic-medical center environment in a multilingual, multi-ethnic patient population. The results of this study are relevant to hospital administrators who are making decisions about the types of technology to use to measure care quality.
Limitations
Study limitations include an imbalance in participant age across the 3 study arms. Younger age in the inpatient portal arm could be explained by several factors. Older adults may have been less interested in participating in a randomized clinical trial and may have also self-selected out of participation after learning that they were being asked to use a tablet. The finding that younger participants were more likely to use the inpatient portal was consistent with previous research. 54 Another limitation was that we did not assess cognitive status that may have impacted the study beyond an initial screening using the Mini-Mental Status Examination. With respect to analyzing hospital readmissions, we did not have access to hospitalization records outside of our hospital system.
As such, we were unable to determine whether participants were being rehospitalized at other hospitals. We attempted to mitigate this limitation by controlling for geographic distance between patients' homes and the hospital, and we found no differences across study arms. Regarding the survey of healthcare providers, we deliberately administered the provider survey near the end of the study to attempt to elicit overall perceptions as opposed to singular experiences. This meant that patient and provider data could not be readily linked temporally, which may help to understand individual patient-provider interactions. A final limitation is that the study was conducted only in cardiac medical-surgical units at a large academic medical center with an internally developed inpatient portal, thus introducing questions about study generalizability. Future studies should consider why and how patient activation seems to increase over the course of a hospitalizationraising the question as to whether activation is a state or a trait; how to involve caregivers with proxy access to inpatient portals; and whether the increase in patient activation over a hospitalization is consistent irrespective of whether the PAM is exclusively patient reported (eliminating observer bias) or reported to a research assistant. The literature has mixed reports on the correlation between patient activation and portal use. 55, 56 Some report that patients with high activation levels use portals more often 57 and others found no association between PAM score and portal use in outpatient settings. 56 Future research should further investigate how patient activation interacts with portal use in addition to the comparative value and cost effectiveness of acute care portals.
CONCLUSION
Overall, access to an inpatient portal did not significantly improve patient activation, but it did improve patients' access to their health information and was associated with a lower 30-day hospital readmission rate. The findings of this pragmatic randomized clinical trial add to the early evidence on the benefits of providing hospital patients with real-time, transparent access to their personal health information through the EHR data while in the hospital. Greater transparency has the potential to translate into more informed decisions and behaviors that can positively impact medical decision making. CONTRIBUTORS RMC: drafting of manuscript, data collection, data analysis; LVG: data analysis, substantive edits to manuscript; BR: data collection, data analysis; MQ: data analysis, substantive edits to manuscript; FCGP: data collection, data analysis; SR: study design, data collection; SB: funding, study design, substantive edits to manuscript; GH: funding, study design; DKV: funding, study design, data collection, data analysis, substantive edits to manuscript.
